Background: Lumbar spinal stenosis (LSS) refers to narrowing of the lumbar central spinal canal, lateral recess, and/or neuro-foramina. Radiographic LSS plays an important role in clinical LSS but is not solely accountable for the presence of symptoms. We sought to characterise clinical LSS and to determine factors associated with presence of symptoms of LSS in patients with radiographic LSS in a sub Saharan Africa setting. Methods: After prior ethical clearance, a case control study was done in a tertiary hospital in Douala-Cameroon, including 105 patients with radiographic LSS: 57 with symptoms of LSS (cases) and 58 with no symptoms (controls). Spinal stenosis was assessed using computed tomography (CT) scans. Data were analysed using SPSS version 23. Results: The mean age of our study participants was 53.4 ± 13.1 years. The mean age of onset of symptoms of LSS was 50.3 ± 11.6 years and the most common symptoms were Low back pain (100.0%), radicular symptoms (98.2%) and neurogenic claudication (98.2%). Obesity (p < 0.001) and a high waist circumference (p = 0.002) were significantly associated with presence of LSS symptoms in persons with radiographic LSS. After adjusting for body mass index, a positive family history of low back pain (p = 0.004), vertebra lesion at L2 (p = 0.034), L3 (p = 0.002), L4 (p = 0.025) and multiple (p = 0.008) levels, degenerative disc protrusion (p = 0.044), disc lesion at L3-L4 (p = 0.001), L4-L5 (p = 0.011) and multiple (p = 0.046) levels were significantly associated with presence of symptoms of LSS in persons with radiographic LSS. Conclusion: Characteristics of clinical LSS have been described in this sub-Saharan Africa population. Obesity, a high waist circumference and a positive family history of low back pain are significantly associated with presence of symptoms of LSS in persons with radiographic LSS.
Background
Lumbar spinal stenosis (LSS) refers to narrowing of the lumbar central spinal canal, lateral recess, and/or neuroforamina [1, 2] . The resultant disproportion between the size of neural elements and available space leads to encroachment of neural and vascular structures. It is most commonly caused by degenerative changes either in the disc, facet joints, ligaments or vertebrae body [3] . LSS is most common in individuals in the 6th decade of life and above, and its prevalence increases with age [4] . Approximately 1 per 1000 persons older than 65 years and about 5 of every 1000 persons older than 50 years in USA have symptoms of LSS [5] . Ishimoto et al. [6] reported prevalence of moderate or severe central stenosis of 64.0% in patients in their 50s and 93.1% in those in their 80s.In Africa, studies have shown that LSS occurs at earlier ages [7] and is more prevalent [8] compared to that in the western world. These discrepancies have been attributed to the tough nature of tasks carried out by Africans daily [8] . This attribution is supported by the fact that weight bearing activities decrease spinal canal dimensions [9] . LSS remains a major cause of morbidity, disability and lost productivity [10] . Increase in global life expectancy [11] and a projected increase of the worldwide percentage of older people (>65 years) from 11.7% in 2013 to 21 .1% by 2050 [12] means that global prevalence of LSS may increase steadily, thus gaining increased attention. The rate of complex fusion procedures for LSS in the US increased 15-fold from 2002 to 2007 [13] and LSS has now become the most common indication for spine surgery in Sweden [14] .
Clinical LSS (symptomatic LSS) is diagnosed by the presence of neurogenic claudication, radicular symptoms, or both, with or without low back pain, in the presence of radiographic LSS [2, 15] . Biometric parameters are used to demonstrate narrowing of lumbar central spinal canal, lateral recess, and/or neuro-foramina in radiographic LSS [16] . Different imaging techniques (x-ray, myelography, computed tomography [CT] , and magnetic resonance imaging [MRI] ) are used in the radiographic evaluation of LSS [17] . MRI is most commonly used and there is consensus it yields the best soft tissue contrast [17] . However, there is still no consensus on the set of features which define radiographic LSS [18, 19] . Most studies use criteria set by Verbiest [20] ; diameter of 10-12 mm for relative spinal stenosis and <10 mm for absolute spinal stenosis [16] .
Based on the pathophysiology of LSS, there is an expected correlation between radiographic features and symptoms of LSS. There has been conflicting results on the association between radiographic findings of stenosis and symptoms of LSS [6, [21] [22] [23] . Ishimoto et al. showed that the prevalence of clinical symptoms increased with increasing severity of radiographic LSS [6] . Hurri et al. in a 12-year follow-up period showed an association between Oswestry Disability Index and degree of stenosis [23] . However, many other studies found no correlation between the degree of radiographic stenosis and clinical symptoms [24] [25] [26] [27] [28] [29] [30] . In a cross-sectional study of adults in Japan, prevalence of moderate or severe radiographic LSS (76.5%) was much higher than prevalence of symptomatic LSS (9.3%) in the same group of participants [21] . Some individuals with very mild radiographic stenosis present with very severe disabling symptoms while some individuals with severe radiographic stenosis are asymptomatic [31] . The discrepancy between radiographic LSS and symptoms of LSS is further compounded by the equivocal response by patients to decompressive surgery [32, 33] . In Africans, very little is known about the correlation between radiographic and clinical LSS.
The aims of this study were to describe the characteristics of clinical LSS and to determine factors associated with presence of symptoms of LSS in patients with radiographic LSS in a sub-Saharan Africa setting.
Methods

Study participants
We carried out a case control study in the Radiology Unit of the Douala General Hospital, Cameroon, from December 2014 to April 2015. After ethical clearance from an institutional review committee, we targeted patients aged 21 years and above, undergoing a lumbar spine or abdomino-pelvic CT scan during the study period. We excluded persons with a history of spine surgery and persons with an ankle-brachial index ≤0.90.
Cases included patients with confirmed clinical LSS (clinical syndrome of neurogenic claudication, radicular symptoms, or both, with or without low back pain and presence of radiographic LSS). They were consecutively enrolled into the study after consent was obtained. Controls were recruited from patients referred to our radiology unit for abdomino-pelvic CT scans for other conditions, and included patients with no clinical evidence of LSS who had radiographic LSS on supplementary spine CT scan analysis. They were consecutively matched to cases in a ratio of 1:1 based on gender, and after consent was obtained, they were enrolled into the study Fig. 1 .
Clinical assessment
All study participants were assessed by the principal investigator and findings were filled into a pretested data collection sheets. Cases were assessed within 2 h before lumbar CT scan was done and data collected included demographic characteristics, history of symptoms and physical findings. Controls were assessed after supplementary analysis of their abdomino-pelvic CT scans showed radiographic LSS. Assessment was done when these patients presented for their CT scan results within 3 days; data collected included demographic characteristics and anthropometric measurements.
Occupation was classified using the international standard classification of occupations (ISCO-08) [34] . Pain was assessed using a linear visual analogue scale (VAS) ranging from zero (no pain) to 10 (unbearable pain) [35] . Height and weight were measured and body mass index (BMI) computed; obesity was considered as BMI ≥ 30.0 kg/m 2 , overweight as 25.0 ≤ BMI < 30 kg/m 2 , normal weight as a BMI 18.5 ≤ BMI < 25 kg/m 2 and underweight as BMI < 18.5 kg/m 2 [36] . Waist circumference (WC) was measured with the use of a measuring tape according to World Health Organisation guidelines; WC was considered high if >102 cm in men, > 88 cm in women [36] . Sitting height measured the distance from the highest point of the head to the flat surface of a chair [37] . The participants were made to sit erect, looking straight ahead, both feet on the floor, knees put together, the lower back and shoulders against the wall. The relative sitting height was computed as (sitting height (cm) × 100)/standing height (cm) [38] .
Radiographic assessment
CT scan (8-slice Hitachi® and a 2-slice General Electronics®) imaging was used to assess LSS. In order to minimise investigator bias, CT scan images of participants recruited into the study were analysed by a radiologist blinded to the group of the participant. The items assessed included: type(s) (bony, joint or disc) and level(s) of vertebral lesion, type(s) and level(s) of disc disease, and ligamentum flavum hypertrophy. Biometric measurements of the lumbar vertebrae were automated generated CT measurements. The criteria used to define stenosis were as follows:
i.) Central canal stenosis: presence of any of the following; antero-posterior diameter of central canal <10 mm [39, 40] , transverse (inter-pedicular) diameter of central canal <16 mm [40, 41] or cross-sectional area of dural sac < 100 mm 2 [40, 42] . ii.) Lateral stenosis: presence of any of the following; depth of lateral recess ≤3 mm [40, 43] , height of lateral recess ≤2 mm [40, 44] or angle of lateral recess <30 0 [40, 45] . iii.)Foraminal stenosis; antero-posterior diameter of the foramen ≤3 mm [40, 46] .
Statistical analysis
Statistical significant difference between proportions was assessed using the Pearson's chi-squared test, and between means using independent samples student's t-test. Bivariate analysis was done using logistic regression to estimate the odds ratio of having symptoms of LSS. BMI class and waist circumference class were significantly different between cases and controls (Table 1) , and were correlated on Cramer's V (ϕ c : 0.55, p value: 0.001). 
Results
During the study period, we received a total of 67 cases of confirmed clinical LSS. Of these, we excluded 10 cases: 6 did not meet the inclusion criteria and 4 declined to participate. A total of 57 cases (26 males, 31 females) were recruited into the study, with a participation rate of 93.4% for cases. We had 77 cases of radiographic LSS, out of the 256 abdomino-pelvic CT scans of patients without clinical LSS evaluated. Seventy-four were eligible for matching, 64 were consecutively matched to cases and 6 declined to participate. We recruited of total 58 controls (26 males, 32 females) into the study, with a participation rate of 90.6% for controls Fig. 1 .
Baseline characteristics of study participants
The mean age of our study participants was 53. Degenerative lesions of the spine involved: 49.6% zygapophyseal joint lesions (osteoarthritis and hypertrophy); 20.0% degenerative disc and protrusion; 13.9% disc herniation. Most common lumbar spine disc level affected included L5-S1 disc level (59.1%) and L4-L5 disc level (48.7%); more than one disc levels were affected in 45.2% of participants Fig. 2 . Ligamentum flavum hypertrophy was recorded in 58.3% of study participants.
Clinical characteristics of cases
The mean age of onset of symptoms of LSS was 50.3 ± 11.6 years; 49.3 ± 12.4 years for females and 51.4 ± 10.7 years for males (p = 0.488). Low back pain (100.0%), radicular symptoms (98.2%) and neurogenic claudication (98.2%) were the most common presenting symptoms. Low back pain was described as cramping by 77.2% of cases and 57.9% of cases said the timing of pain was intermittent; with 8.8% of cases reporting nocturnal symptoms. Cases who admitted having reduced walking distances constituted 98.2%, while cases who admitted having impaired routine daily activities constituted 96.5% Table 2 . Table 3 .
Discussion
We found no clear association between radiographic features and presence of symptoms of LSS confirming the difficulty to predict occurrence of symptoms of LSS from radiographic findings [26, [47] [48] [49] . Obesity, high waist circumference, a positive family history of low back pain, vertebra lesion at L2, L3, L4 and multiple levels, degenerative disc protrusion, disc lesion at L2-L3, L3-L4, L4-L5 and multiple levels were significantly associated with occurrence of symptoms of LSS in persons with radiographic LSS.
The mean age of onset of symptoms of LSS was found in our study was similar to reports published on a Caucasian population [45] , thus not supporting the assertion that the tough nature of tasks carried out by Africans makes them prone to develop symptomatic LSS at younger ages compared to Westerners [8, 50] . We found no significant difference between the mean ages of symptomatic and asymptomatic persons with radiographic LSS (p = 0.128), attesting that degenerative changes observed in LSS are part of the normal aging process [31, 51] , and do not fully account for the presence of symptoms of LSS. Other associated factors may therefore account for the presence of LSS symptoms in persons with radiographic LSS.
In our study, symptoms of LSS were worsened by standing erect in 98.2% of cases, and relieved by leaning forward/sitting/stooping in 96.5% of cases, consistent with reports of an important dynamic component in LSS [22] . Hirasawa et al. reported changes in the mean dural sac antero-posterior diameter and cross-sectional area in response to the posture of asymptomatic volunteers [52] . The available space in the central canal and foramen decreases on loading and extension while it increases on axial distraction and flexion [9] . Patients therefore commonly adopt a position with hip and knee slightly flexed referred as 'simian stance' [53] . This is in conjunction with the Penning's 'rule of progressive narrowing' which implies the narrower the canal by stenosis, the more it narrows with spinal extension [54] . The fact that postural changes, hence degree of narrowing, Low back pain, n (%) 57 ( correlate with the severity of symptoms implies the size of the canal and foramen plays an important role in symptomatic LSS. Ischemia of nerve roots, resulting from neuro-vascular compression, leads to claudication pain in the muscles supplied by the nerve roots at the stenotic level [55] . Obesity and central obesity has been associated to the occurrence of symptoms in LSS as found in our study. Knutsson et al. [56] suggested obesity as a novel explanation for clinical LSS, but further research is needed to assess and explain this relationship. There has been a suggestion of a possible genetic component in clinical LSS [57] , supported by findings of a significant association between a positive family history of chronic low back pain among first degree relatives and clinical LSS in our study. A qualitative and quantitative evaluation of lumbar MRI of male twins reported that LSS is highly genetic, and disc degeneration is one possible mechanism through which genes influence spinal stenosis [58] .
Persons who had vertebra lesions at multiple levels and disc lesions at multiple levels had significant higher odds of having symptoms of LSS compared to persons who had at one level as found in other studies [29, 59] , but contrasted findings by Lohman [25] who did not find any correlation between the number of stenotic levels and symptoms of LSS. Our finding could be explained by the fact that the anatomy of the venous supply of the roots of the cauda equina makes these roots only vulnerable to congestion at multiple levels [55] . A single low pressure block will only affect a small segment of the root and will probably not impair conduction, while multiple blocks will cause significant venous congestion and lead to claudication [55] .
We found no clear association between radiographic and clinical LSS. The type of radiographic stenosis, type of vertebra lesion and type of disc disease were not significantly associated with presence of LSS symptoms in persons with radiographic LSS, confirming findings in other studies [24] [25] [26] [27] [28] [29] [30] , though some contrasting findings have been reported [4] . LSS is not solely an anatomic condition and other associated factors are responsible for the occurrence of symptoms as explained by Porter [55] ; a shallow lumbar canal is only one factor in the pathophysiology of clinical LSS.
The observed ambiguous correlation between radiographic and clinical LSS can be accounted by a number of reasons. There is no consensus on the diagnostic criteria for radiographic LSS [19] . Different parameters with different cut-off values are currently being used to define radiographic stenosis. Furthermore, the effect of growth, body height and body size on these parameters are not known [60, 61] . Also, different imaging tools are used to assess anatomic stenosis. MRI is widely accepted as the preferred tool because of its ability to clearly depict soft tissue [17] . CT scan is used in situations where MRI is not readily available, in persons with contraindications to MRI and for pre-surgical planning to depict bony structures [19] . In addition to these shortcomings of radiographic LSS, the clinical diagnosis of LSS and has certain limitations; the symptoms felt by patients are highly subjective and patients report these symptoms differently. Also, these symptoms are influenced by psychological factors such as depression [62] and anxiety [63] . These different factors could explain why persons with severe radiographic stenosis may present with little or no symptoms, while others with mild radiographic stenosis may present with severe disabling symptoms.
Our study had strengths and limitations. To the best of our knowledge, this is the first study in sub-Saharan Africa to determine factors associated with presence of symptoms of LSS in radiographic LSS. We explored a wide range of clinical and radiographic variables. However, we did not assess psychological factors such as depression and anxiety which may impact presence of symptoms in radiographic LSS [62, 63] . Despite the fact that MRI is widely used and is regarded as the best imaging tool to assess LSS [17] , we used CT scan in this study because of easy accessibility in this resource limited setting. The study design did not allow us explore causal relationships between the associations observed.
Conclusion
Characteristics of clinical LSS have been described in this sub-Saharan Africa population. Anatomic stenosis plays an important role in clinical LSS but is not solely accountable. Obesity, high waist circumference, a positive family history of low back pain, vertebra lesion at L2, L3, L4 and multiple levels, degenerative disc protrusion, disc lesion at L2-L3, L3-L4, L4-L5 and multiple levels are significantly associated with presence of symptoms of LSS in persons with radiographic LSS. 
